Brain changes after stroke suggest that undamaged areas may 'take over' the function of damaged regions. Recent studies using magnetic stimulation to disrupt the healthy human brain shed new light on the potential for dynamic compensation across the motor system.
Brain damage resulting from a stroke can have devastating effects on sensory, motor and cognitive systems. Over time, however, the initial deficits caused by a stroke can decline considerably. How does such dynamic recovery of function occur in the brain, which we know to consist of functionally specialised subregions? A growing body of evidence from functional brain imaging studies shows that movement of an affected limb after stroke is associated with abnormally increased brain activity across the motor system, including regions in the undamaged hemisphere [1, 2] . This evidence, along with decades of research on dynamic changes in sensory and motor 'maps' following discrete lesions in animal brains [3] [4] [5] , has led to the exciting and clinically important suggestion that intact regions of the brain can 'take over' the function of damaged areas. But it remains unclear whether the reported over-activations are functionally relevant or simply epiphenomena. For example, increased activation in the undamaged hemisphere may be merely a correlate of the 'mirror movements' -involuntary movements in the unaffected limb as the paretic limb is used -that are often seen after a stroke.
A perennial problem in interpreting results of naturally occurring brain damage is the widespread and variable nature of the damage. Two recent studies [6, 7] take a different approach by using localised magnetic stimulation to modify brain activity specifically in the primary motor cortex in the healthy human brain. Subsequent, potentially compensatory changes in remote regions of the motor system are then probed through magnetic stimulation of the opposite hemisphere [7] or functional imaging of the whole brain [6] .
Transcranial magnetic stimulation (TMS) can be used to stimulate the human cortex non-invasively [8, 9] . A large and rapidly changing current is passed through a conducting coil held over the subject's head, inducing a current in the underlying tissue. When pulses are applied in rapid trains this is known as repetitive TMS (rTMS). If TMS is applied over a crucial region while a subject is trying to perform a task, then it can disrupt his or her performance [10, 11] . Furthermore, depending on the duration and frequency of the pulse trains, rTMS can have excitatory or inhibitory effects on the tissue which persist for minutes, or even hours, after stimulation. For example, rTMS at 1 Hz decreases cortical excitability, whereas rTMS at 5 Hz increases it.
As they reported recently in Current Biology, Strens et al. [7] applied 5 Hz rTMS for 30 seconds over the left primary motor cortex while subjects made repeated tapping movements of constant force with their right index finger. After rTMS, the force of movements increased, consistent with enhancement of cortical excitability by the 5 Hz stimulation. After 43 seconds, the force of movements returned to the normal trained levels ( Figure 1 ). This approach thus provides a means of locally and temporarily altering motor cortical activity, resulting in disruptions to motor behaviour and subsequent 'recovery'.
Although the alteration in cortical activity here is increased excitability, rather than the reduction in activity that would result from more permanent types of damage, the sequence of events may be analogous to a stroke causing acute motor deficits that recover gradually over time. The big question is what mediates that recovery. Just as the undamaged hemisphere is hypothesised to play a role in recovery of motor function after stroke, Strens at al. [7] suggest that the unstimulated hemisphere might be mediating recovery in their experiment. This is supported by In their recent study, Lee et al. [6] used rTMS at a different frequency to alter activity in the left primary motor cortex. They applied rTMS at 1 Hz, a frequency known to reduce cortical excitability, arguably providing a more appropriate direct model of changes occurring after stroke. The remote effects of this localised disruption were monitored by subsequent positron emission tomography (PET) scans taken at rest and during finger movements. Despite inducing changes in cortical excitability, rTMS at 1 Hz did not produce any observable behavioural deficits in the movement tasks that were later performed in the PET scanner.
Lee et al. [6] suggest that this lack of any observed deficit reflects compensation by non-stimulated regions of the motor system. The PET results support this suggestion, as movement-related activity in the right premotor cortex increased after disruption of left area M1 with real rTMS, compared to sham rTMS. The observed specific increase in the premotor cortex in the unstimulated hemisphere provides support for the idea that changes in undamaged premotor regions may mediate functional recovery after stroke [ 2,14,15] .
PET results were also used to test whether interactions between distinct regions of the motor system changed after disruption to area M1. The regression of activity in non-primary motor areas (the premotor cortex, SMA) and a specific region within the primary sensorimotor cortex increased after real rTMS compared to sham rTMS. The sensorimotor region that showed this increased 'coupling' with non-primary areas was located deep in the central sulcus, remote from both the stimulated M1 site and the site of maximal motor related activity. This may suggest dynamic remapping of motor representations within the primary motor strip, as has been shown previously in animal studies [4] . Alternatively, this may represent a change in the balance of activity between the two subregions of the primary motor cortex, areas 4a and 4p. Although cyto-architectonically distinct [16] , the different functional roles of these two regions remain unclear. There are, however, some suggestions that area 4p, which is buried deep within the central sulcus, may be particularly susceptible to modulation by attention to movements [17, 18] , which might be expected to increase in the context of increased movement difficulty.
These two new studies [6, 7] add to the growing body of evidence that the brain has the capacity dynamically to reorganise the distribution of activity across the broad motor network after damage or disruption to any of its component parts. They stress particularly the importance of the non-disrupted hemisphere. The time scale over which compensatory changes are occurring is particularly impressive: 45 seconds or so in the study by Strens et al. [7] . Both studies make the point that investigating this type of reorganisation in the normal brain may shed light on changes that occur in the context of more permanent damage such as stroke. The model systems they employ may even provide a means for testing out potential therapeutic approaches to encouraging or steering reorganisation in beneficial directions. 
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